Attorney Docket No. 8111-036-999 



POLYMERIC ELECTROLUMINESCENT DEVICE USING 
AN EMITTING LAYER OF NANOCOMPOSITES 

FIELD OF THE INVENTION 

[0001] The present invention relates to an organic electroluminescent device, and more 
particularly, to a polymeric electroluminescent device using a nanocomposite emitting 
layer of a luminescent polymer mixed with metal nanoparticles. 

BACKGROUND OF THE I NVENTION 

[0002] Organic electroluminescence is a phenomenon wherein, as electrons and holes are 
injected into an organic thin film, respectively, from a cathode and anode, excitons, which 
emit light having a particular wavelength, are generated within the organic thin film. 
Devices using this phenomenon have several advantages. They are lightweight, thin, 
self-luminous, operate at a low power, and have a rapid switching velocity. 
[0003] Among such organic electroluminescent devices, a polymeric electroluminescent 
device, in which a thin film is formed by a spin-coating technique, as reported by a group 
of British researchers led by Professor R. H. Friend in 1990, merits particular attention due 
to its cost-effectiveness as compared to a low molecular electroluminescent device, in 
which a thin film is formed by a vapor deposition technique. An exemplary polymeric 
electroluminescent device is shown in Fig. 1. Polymeric electroluminescent device 100 
comprises substrate 60, anode layer 10, hole transport layer 30, emitting layer 50, electron 
transport layer 40, cathode layer 20, and encapsulation layer 70. Hole transport layer 30, 
electron transport layer 40 and emitting layer 50 are formed between anode layer 10 and 
cathode layer 20 on substrate 60. Anode layer 10 is made of a compound metal oxide 
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thin film, such as ITO (Indium-Tin Oxide), which is transparent in the visible light range 
and has a high work function, which facilitates injection of holes. Cathode layer 20 is 
generally made of an alloy of low work function metals, such as Cs, Li and Ca, and stable, 
high work function metals, such as Al, Cu and Ag. 

[0004] When a forward bias voltage is applied across anode layer 10 and cathode layer 20, 
holes from anode layer 10 move into emitting layer 50 via hole transport layer 30 and 
electrons from cathode layer 20 move into emitting layer 50 via electron transport layer 40. 
Holes and electrons from anode layer 10 and cathode layer 20, respectively, have different 
mobility, however the mobility of holes and electrons becomes similar as holes and 
electrons pass through hole transport layer 30 and electron transport layer 40, respectively. 
The electrons moving into emitting layer 50 are trapped within emitting layer 50 by an 
energy barrier at the interface between emitting layer 50 and hole transport layer 30, and 
thus the efficiency of recombination of holes and electrons is enhanced. Consequently, 
the density of holes and electrons is well balanced in emitting layer 50 and improves the 
luminous efficiency of polymeric electroluminescent device 100. Particularly, the 
luminous stability of polymeric electroluminescent device 100 can be further enhanced by 
forming between anode layer 10 and hole transport layer 30 a buffer layer (not shown), 
which functions as a hole injection layer, so as to make the surface of anode layer 10 
flatter. 

(0005] As described above, holes and electrons injected from anode layer 10 and cathode 
layer 20, respectively, recombine with each other in emitting layer 50 so that excitons are 
generated within the luminescent polymer of emitting layer 50. These excitons are 
categorized into excitons in a singlet state and excitons in a triplet state (hereinafter, 
"singlet excitons" and "triplet excitons," respectively). The generation ratio of the singlet 
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excitons to triplet excitons is about 1 :3. When the singlet excitons transition in energy 
level from the exited state to the ground state, light of a particular wavelength is emitted 
and luminescence is observed through substrate 60. 

[0006] On the other hand, when the triplet excitons, which have a longer lifetime than that 
of the singlet excitons, undergo an energy transition from the exited state to the ground 
state, no luminescence is observed. Instead, the triplet excitons generate singlet oxygen 
by transferring the energy acquired by the energy transition to the oxygen existing within 
polymeric electroluminescent device 100. The singlet oxygen generate carboxyl groups, 
thereby cutting the luminescent polymeric chains of emitting layer 50, degrading the 
luminescent capabilities of polymeric electroluminescent device 100, and causing photo- 
oxidation of emitting layer 50. To alleviate this problem, polymeric electroluminescent 
device 100 is isolated from oxygen by forming encapsulation layer 70. Conventionally, 
this encapsulation technique has been generally used to prevent oxygen from penetrating 
polymeric electroluminescent device 100. However, the encapsulation technique has the 
disadvantage that it must be performed in a limited temperature range, which is lower than 
the decomposition temperature of polymer, and is thus difficult to apply to flexible display 
devices. 

[0007] Another technique for suppressing the photo-oxidation of emitting layer 50 is to 
remove the energy of the triplet excitons causing the photo-oxidation. The energy of the 
triplet excitons can be removed by using an emitting layer formed by mixing metal 
particles or semiconductor particles, which are capable of absorbing the energy of the 
triplet excitons via surface plasmon resonance, with a luminescent polymer. However, 
those metal particles or semiconductor particles known up to now have sizes on the order 
of several hundred nm and are thus inappropriate for fabricating polymeric 
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luminescent deviees with an emitting layer of approximately 100 nm. Moreover, 
me fabncation process of metal particles or semiconductor particles has proven too 
complicated (see Ha,e ct a,., Appl. Phys. Let,., vol. 78, p!502, 200. and Lim e, a.., Syrrth. 
Metal, vol. 128, pl33, 2002). 

SUMMARY Q tr f HF INVENTION 

[00081 in order to resolve the ahovc problems, it is therefore an objective of the present 
invention to provide a polymeric electroluminescent device with suppressed photo- 
oxidation and enhanced luminous stability and efficiency, by using a nanocomposite 
emitting layer, which is a mixture of luminescent polymers and metal nanoparticles. 
[0009] In accordance with the present invention, there is provided a polymeric 
dectrolummescent device comprising an emitting layer, which includes a, least metal 
nanoparticles and a luminescent polymer, a cattrode layer disposed on one side of the 
emitting layer, and an anode layer disposed on the odrer side of the emitting layer. 

BKIFFDESrHIPTION P "™ UKAWINGS 

,00.01 The features of the present invention, which are believed to be novel, are se, forth 
with particularity in the appended claims. The present invention, both as to its 
organization and manner of operation, together with tether objects and advantages thereof, 
may best be understood with reference to tire following description, taken in conjunction 

with the accompanying drawings. 

Fig. 1 shows a layout of a polymeric electroluminescent device. 
Fig. 2 shows gold nanoparticles in a nanocomposite emitting layer of a polymeric 
electroluminescent device according to an embodiment of the present invention. 
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Fig. 3 mustta.es UV absorption and phomluminescence characteristics of a 

nanocomposite emitting layer. 

Fig 4 mnsttaresphoroiunrinescencc rn.ensi.y of a nanoconrposi.e emitting .ayer. 
Fig. 5 mustta.es eleettotuminescence intensity of a polymeric efecttofununesccn. 
device according to an embodiment of the present invention. 

Fig. 6 musttates current-voltage characteristics of a polyene eiecttoiumineacen, 

device according to an embodiment of the present invention. 

Fig 7 ffluarraresvotoge-luminescencecharaeteristtesofapolymenc 

ctecttomminescent device according to an embodimen, of the present invention. 

tOOU, Acompostte ofnanopartie.es and a hrmmescen. po.ymer, nanccomposne, ,s used 
as an emitting layer of a polymeric e.ectto.umineaeen. device in accordance with the 

An Aa Pt Ni Fe Co and Ge, which are 
present invention. Metal nanoparticles such as Au, Ag, P., Nr, Fe, c 

„„ the order of 1-100 nm in size, are mixed with a luminescent polymer such as 
p oly( d,hexy,fluorene>, po,y(pbeny,enevinylene) and poMdic^Muorene), whtch 
genera.es Ugh. with wavelengths of 400-800 nm, in a volume ttaCion of 1 x ,0 .o0,. 
As a resuh, the me,a, nattoparticles are in resonance with the triple, excttons of me 
htminescen, polymer and absorb the energy of the ttiple. excttons. Adescriptton ts 
prided below of an embodimen. using a nanocompostte, which is a mixture of a b.ue- 
hgh.-em.tting potymer such as po.y(dioc,y.fluorene) and gold nanoparticles, as an 

invention. 

, ,j ^rtirte* a 30mM aqueous metal chlonde solution 
[0012] For the formation of gold nanoparticles, a 30mM aq 
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(30*) is first mixed with a 25mM tettaoctylammonium bromide solution (80MQ. The 
metal sal, is then converted into a toluene phase. Next, 0.4M NaBH. solution (25M.) ,s 
added for rednetion, arm the water phase and toluene phase are separated from eaeh other 
after approximately 30 minutes. Finally, the toluene phase is washed with a 0.1M H 2 SO„ 
NaOH solution and distilled water, and then dried to obtain gold nanopariie.es of 5-10 nm 
in size The gold nanopartioles efficiently absorb the energy of triple, exeitons of ablue- 
»gn,-emi«mg polymer. Fig. 2 shows a gold nanopariicle as observed by a transmission 
electron microscope. 

,0013] Next, in order <o form a nanocomposite of gold nanopartioles with a blue-Hght- 
emifting polymer, the go.d nanopartioles are mixed with poWdioctylfiuorene) dissolved m 
a chlorobenzene solution. Anarocomposue emitting layer oan be fonned by spm- 
eoating on a substrate, me resultant solution as obtained by adjusting the volume fraction 
of me gold nanopartioles to p„,y(dioc.ylfluorene) ,o 0, 1.5 x 10* 3 x 10*. and 3 x 10*. 
10014] Fig. 3 illustrates the UV absorption and photolnminescenoe oharaoteristios of a 
nanocomposite emitting layer. As shown in Fig. 3, as the vohrme ftaetion of the gold 
nanopartioles to poly(dioe,ylfluorene) is inereased, the UV absorption and 
photolumineseenoe intensity of the emitting layer hardly change*. Thus, the gold 
nanopartioles hardly aftec, the absorption and photolumineseenoe characteristics of tire 
emitting layer, and «he thicxness or physical conditions of tire emitting layer are simftar to 
ftrose ofapolymeric emitting layermadeof only poly(dioc,ylfluorene). 
,0015] Fig. 4 illustrates pho.oluminescence intensity of a nanooomposite emitting layer 
with respect ,o time. Over a long duration, tire photolumineseenoe intensity shows little 
variation as the volume fraction of gold nanoparticies in the emitting layer increases. !n 
other words, a nanocomposite emrtting layer has enhanced luminous stability as compared 
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to a pure polymeric emitting layer. 

(0016] As mentioned before, the energy of triplet excitons of a blue-light-emitting 
polymer, which is comparable to the energy of light with a wavelength of 530 nm, is 
transferred to oxygen within the polymeric electroluminescent device and causes photo- 
oxidation of the polymeric emitting layer. In the present invention, however, the gold 
nanoparticles, which are on the order of 5-10 nm in size, absorb the energy of light with a 
wavelength of 500-550 nm, i.e., the energy of the triplet excitons so that the triplet 
excitons drop in energy level from the excited state to the ground state. Especially, since 
the lifetime of the gold nanoparticles is very short (several pico seconds), they effectively 
destroy the triplet excitons of poly(dioctylfluorene), which have long lifetimes. 
Therefore, as shown in Fig. 4, when the volume fraction of gold nanoparticles is increased, 
the efficiency of absorbing the energy of triplet excitons also increases, thereby 
suppressing photo-oxidation and improving the luminous stability. 
[0017] Fig. 5 illustrates electroluminescence intensity of a polymeric electroluminescent 
device using a nanocomposite emitting layer with respect to time. Operation power of 
10V is applied to the polymeric electroluminescent device in order to analyze the 
endurance and luminescence capabilities of the device according to an embodiment of the 
present invention. As seen in Fig. 5, the electroluminescence intensity of the polymeric 
electroluminescent device using a nanocomposite emitting layer is superior to that of a 
conventional polymeric electroluminescent device using a polymeric emitting layer. For 
example, even if the nanocomposite emitting layer has a very little amount of gold 
nanoparticles, such as a volume fraction of 1.5 x 10" 6 , the electroluminescence intensity 
characteristics are significantly improved. 

[0018] Fig. 6 illustrates current-voltage characteristics of a polymeric electroluminescent 
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device using an emitting layer of a nanoeomposite. In particular, the polymeric 
electroluminescent device using a nanoeomposite emitting layer, with a volume fraction of 
gold nanoparticles of 1.5 x 10 6 , generates greater currents as compared to a conventional 
polymeric electroluminescent device using a polymeric emitting layer. 
[0019] Ananocomposite emitting layer is formed by spin-coating a solution, resulting 
from mixing gold nanoparticles with poly(dioctylfluorene) dissolved in a chlorobenzene 
solution, on the anode layer or hole transport layer. During the spin-coating process, the 
gold nanoparticles stick to the anode layer or the hole transport layer by a static electrical 
attractive force or a capillary electrical phenomenon. This results in an unevenness of the 
nano-scale in the surface of the emitting layer, thereby increasing the effective area of the 
boundary surface through which electrons from the cathode layer are injected. Therefore, 
the currents in the polymeric electroluminescent device can be increased by injecting 
larger number of electrons from the cathode layer. However, as the volume fraction of 
gold nanoparticles is increased, the currents in the polymeric electroluminescent device 
decrease. In particular, a large reduction in the current occurs at a volume fraction of 3 x 
10- 5 . This result appears to come from the hole blocking effect of the gold nanoparticles. 
[0020] Fig. 7 illustrates luminous efficiency depending on operation voltages of a 
polymeric electroluminescent device using a nanoeomposite emitting layer. As the 
volume fraction of gold nanoparticles to poly(dioctylfluorene) increases, the luminous 
efficiency of the polymeric electroluminescent device and the operation power increase. 
In other words, as explained above with reference to Fig. 6, as the amount of gold 
nanoparticles is increased, the hole blocking effect increases, and thus a higher operation 
power is required. 

[0021] Although the present invention has been explained with reference to a polymeric 
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e.ectroluminescen. device using a nanocomposite of poly(dioctylfluorene) and gold 
nanoparnoles, those skiiled in ,he at. win recognize that the emitting layer of a polymeric 
electroluminescent device may he a nanocomposite of any metal nanopariicles, which may 
be formed by coating .he surface of inorganic panicles such as A1A. MgO, MoS, Si0 2 
and BN or other polymeric particles with metals such as An. Ag. P., Ni, Fe. Co and Ge, 
and luminous polymers, preferably with a volume fraction of 1 x 10*10 0.1. 
10022) The present invention provides a polymeric electroluminescent device, winch 
suppresses photo-oxidation and enhances luminous stability by using an emitting layer of 
a nanocomposite, which is a mixture of luminous polymers and metal nanoparticles. 
Further, ,he injection efficiency of eleetrons and ,he blocking effect of holes, which move 
faster man electrons, are also enhanced by appropriately adjusting the amount of gold 
nanoparticles added to the luminous polymers to thus improve the luminous efficiency of 
the polymeric electroluminescent device. 

,00231 While the present invention has been shown and described with respect to the 
particuta embodiments, those skilled in the art will recognize that many changes and 
modifications may be made without departing from the spirit and scope of the invention as 
defined in the appended claims. 
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